Introduction: Intraabdominal adhesions that develop because of prior abdominal or pelvic surgery may cause problems during surgery. Complications can include difficult intraabdominal entry; injury to the urinary bladder, uterus or small intestine; longer operation times, and increased blood loss. The goal of the present study was to evaluate the association between abdominal striae gravidarum and intraabdominal adhesions in the preoperative period in pregnant women with a history of cesarean section. Materials and Methods: The study included 247 pregnant women at ≥ 37 weeks of gestation admitted to the labor unit for delivery; all had undergone at least one previous cesarean section. Abdominal striae were assessed preoperatively using the Davey scoring system; the severity and intensity of adhesions were subsequently evaluated intraoperatively according to the modified Nair scoring system. Results: No striae were seen in 104 pregnant women; 41 had mild striae and 102 had severe striae. Overall, 113 cases had no adhesions (grade 0), 106 had grade 1-2 adhesions, and 28 had grade 3-4 adhesions. Among patients with grade 0 adhesions, 34 (13.7 %) had no striae, while 79 (31.9 %) had mild-to-severe striae (p < 0.001; sensitivity 55%; specificity 67%; positive predictive value 69 %; negative predictive value 52 %). Among women with grade 1-2 adhesions, 48 (19.4 %) had no striae, while 58 (23.4 %) had mildto-severe striae. Finally, among women with grade 3-4 adhesions, 22 (8.9 %) had no striae, while 6 (2.4 %) had mild-to-severe striae (p < 0.001). A p-value < 0.05 was taken to indicate statistical significance. Conclusions: The abdominal adhesion score dropped as the abdominal striae gravidarum score rose during the preoperative period. Addition of this useful, easy-to-apply, inexpensive, ad- Intraabdominal adhesions caused by prior abdominal or pelvic surgery can cause morbidities such as intestinal obstruction, female infertility, and chronic pelvic pain postoperatively. In addition, adhesions may also cause problems during surgery; complications can include difficult intraabdominal entry; injury to the urinary bladder, uterus or small intestine; longer operation times, and increased blood loss [1] [2] [3] . Delivery by cesarean section is currently one of the most common obstetric operations, and the worldwide incidence of cesarean births has risen alarmingly [4] . Although the likelihood of intraabdominal adhesions is quite low in patients with no history of prior abdominal surgery or cesarean section, the probability of adhesion formation has been reported to be 7 % after primary cesarean delivery, rising to 68 % following a third cesarean delivery [5] . Estimating the likelihood of adhesions and related complications after prior surgery and assessing the severity of adhesion formation after surgery is not easy. Anticipating adhesions is very important to preventing complications by ensuring that the necessary preoperative preparations are in place and/or that appropriate cases are referred to a tertiary center. Striae gravidarum (stretch marks) represent a skin change that can develop during pregnancy. It is characterized by thinning of the epidermis, loss of dermal papillae and rete ridges, and a decrease in the levels of collagen, fibronectin, and fibrils that form the extracellular matrix. Striae gravidarum are also present in some genetic diseases such as Marfan syndrome and Ehlers-Danlos syndrome [6] . The balance between fibrin deposition and degradation plays an important role in normal peritoneal healing and adhesion formation. Normal peritoneal healing can be described as complete fibrin degradation [7] . Fibroblasts play an active role in both peritoneal adhesions and striae formation as the cells synthesize collagen [8] . Incompletely degraded fibrin causes fibroblasts to produce collagen, and ineffective collagen degradation causes peritoneal adhesions. It is known that collagen plays a major role in striae development. Thus, the development of striae gravidarum and adhesion formation are believed to share a common pathway and etiopathogenesis. A recent study with a small sample size showed that the presence of abdominal striae gravidarum could be used to predict intraperitoneal adhesion formation [9] . Given the above research, the goal of this study was to evaluate whether an association existed between abdominal striae gravidarum and intraabdominal adhesions in pregnant women sched-uled for cesarean section because of a history of one or more prior cesarean sections.
Material and Methods

!
Recruiting the study collective
In this cross-sectional prospective study, we evaluated 247 pregnant women at ≥ 37 weeks of gestation, who were admitted to the labor unit of Tepecik Education and Research Hospital over a period of 4 months. All patients had a history of least one prior cesarean section and were therefore scheduled for further cesarean section. The study protocol was approved by the local ethics board of our institution.
Inclusion and exclusion criteria
Pregnant women who had conditions that might cause adhesion formation, such as pelvic inflammatory disease, prior abdominopelvic surgery other than cesarean section, or a history of endometriosis, were excluded. Pregnant woman who had developed wound site infections following prior cesarean section or who had a history of corticosteroid use that might cause striae formation were also excluded. Demographic data were recorded and included age, body mass index (BMI) on admission for delivery, weight gain during pregnancy, presence of gestational diabetes, smoking status, presence of chronic diseases (hepatitis, chronic anemia, chronic hypertension, bronchial asthma), number of previous cesarean sections and birth weight of the baby. The study population was divided into groups according to the number of previous cesarean sections, and all women were evaluated preoperatively for striae using the Davey scoring system [10] . The abdomen was divided into four quadrants, using the midline and a line drawn horizontally through the umbilicus as references. Each quadrant was given a score, with 0 denoting clear skin, 1 a moderate (1-3) number of striae, and 2 many (≥ 4) striae. The sum of the scores of all four quadrants was calculated to obtain the total striae score. Patients with no striae were classified into the "no striae" group. Patients with total striae scores of 1 or 2 were classified into the "mild striae" group, and patients with scores between 3 and 8 were classified into the "severe striae" group. We counted striae of all colors (reddish, glistening, and silvery lines) during abdominal skin examinations. All previous cesarean operations were performed using the Pfannenstiel technique with parietal peritoneal closure. During surgery, intraabdominal peritoneal adhesions were evaluated according to the modified Nair scoring system [11] . Nair et al. described their classification system as follows: Grade 0: complete junctive, observational, abdominal scoring method to the obstetrical work-up can provide important clues about the intraabdominal adhesion status of pregnant women scheduled for cesarean delivery because of previous cesarean section.
der Gruppe der Frauen mit Adhäsionen 3.-4. Grades hatten 22 (8,9 %) keine Striae gravidarum, und 6 (2,4%) Frauen hatten leicht bis stark ausgeprägte Geburtsstreifen (p < 0.001). Ein p-Wert von weniger als 0,05 wurde als statistisch signifikant gewertet. Schlussfolgerung: Mit zunehmender Punktezahl für abdominelle Geburtsstreifen in der Zeit vor der Entbindung nahm die Punktezahl für abdominelle Adhäsionen ab. Die Verwendung dieses nützlichen, leicht anwendbaren, kostengünstigen, auf Beobachtung basierenden Scoringverfahrens als zusätzliche Untersuchung während der geburtshilflichen Abklärung bietet wichtige Hinweise zum Adhäsionsstatus schwangerer Frauen, bei denen aktuell ein Kaiserschnitt wegen früherer Entbindung per Sectio caesarea geplant ist. absence of adhesions; Grade 1: single band of adhesion between viscera or from one viscera to the abdominal wall; Grade 2: two bands either between viscera or from viscera to the abdominal wall; Grade 3: more than two bands between viscera or from viscera to the abdominal wall, Grade 4: multiple dense adhesions or viscera directly adherent to the abdominal wall, irrespective of number or extent of adhesive bands. A modified Nairʼs scoring system was used to understand the relationship between abdominal striae and the adhesion scoring system. According to this modified classification system, adhesions were classified as grade 1 or 2 if filmy intraabdominal adhesions were present and as grade 3 or 4 if dense intraabdominal adhesions were present [12] .
Statistical analysis
Continuous data and categorical data were expressed as mean ± standard deviation and percentages (%), respectively. The Shapiro-Wilk test was used to evaluate normal distribution. When comparing normally distributed groups, independent samples t test was used to compare two groups, and one-way analysis of variance (one-way ANOVA) was used to compare three or more groups. To compare non-normally distributed groups, Mann-Whitney U test was used when there were only two groups and Kruskal-Wallis H test was used when there were more than two groups. Analysis of cross tables was performed using the Pearson χ 2 test and the Continuity Correction χ 2 test. Analysis was performed using the IBM SPSS Statistics 21.0 program (IBM SPSS Statistics for Windows, version 21.0; Armonk, NY, USA). A p value of < 0.05 was accepted as statistically significant.
Results
!
Patient population
The mean age at pregnancy was 29.4 ± 5.2 years and the mean gestational age was 37.8 ± 1.8 weeks. No striae were observed in 104 women, while 41 had mild and 102 severe striae. No adhesions were noted in 113 pregnant women (grade 0), while 106 had grade 1-2 adhesions and 28 had grade 3-4 adhesions.
Patient characteristics
When groups with and without striae were compared, no significant differences were found with regard to smoking status, the presence of chronic disease, or gestational diabetes; however, there were significant differences in BMI, weight gain during pregnancy, and fetal birth weight (p = 0.04, p = 0.025 and p = 0.03, respectively). When patients were compared with regard to the presence of adhesions, no differences were found in terms of age, BMI, weight gain during pregnancy, fetal birth weight, cigarette smoking, or the presence of chronic disease and gestational diabetes; however, a statistically significant association was found between abdominal adhesions and the number of previous cesarean sections (p = 0.017). Demographic characteristics and the presence of striae and adhesions are listed in l " Tables 1 and 2.
Associations between striae and adhesion formation
When the association between the presence of striae and adhesion formation was evaluated in pregnant women without adhesions, striae were detected in 79 women and were absent in 34 women (p < 0.001). The adhesion score decreased significantly when the striae score was high (p < 0.001), although the sensitivity and specificity were only moderate (sensitivity, 55%; specificity, 67 %; positive predictive value, 69 %; negative predictive value, 52%; l " Table 3 ).
Association between abdominal striae and adhesions according to Nair and Davey scoring systems
No striae were found in 34 (13.7 %) pregnant women with grade 0 adhesions according to the modified Nair scoring system, while 79 women had mild-to-severe striae (31.9 %) according to the Davey scoring system (p < 0.001). Among patients with grade 1-2 adhesions, 48 (19.4 %) had no striae, while 58 (23.4 %) had mildto-severe striae. Among patients with grade 3-4 adhesions, 22 (8.9 %) had no striae, while 6 (2.4 %) had mild-to-severe striae (p < 0.001; l " Table 3 ). Values are expressed as *: mean ± standard deviation (SD); **: n (%); a : one-way ANOVA; b : Kruskal-Wallis test; c : Pearson χ 2 test; BMI: body mass index; GDM: gestational diabetes mellitus Discussion ! Prior cesarean section is an indication for further cesarean sections in > 90 % of cases in the USA. It has been suggested that worldwide rates of cesarean delivery have increased alarmingly [4, 13] . As the number of prior cesarean sections increases, the rate of complications also increases; adhesion formation is one of the most important causes of complications [14] . Adhesions make surgery more challenging (especially the presence of dense adhesions). Reported complications include injury to the intestine and urinary bladder, higher blood loss and hematoma formation [15] . Although intraperitoneal adhesions may develop following any intraabdominal surgical intervention and may increase following repeated abdominal surgery such as cesarean section, adhesion formation is a variable and highly unpredictable process. Therefore, we aimed to answer the question whether an association existed between abdominal striae gravidarum and intraperitoneal adhesion formation in pregnant women scheduled for cesarean delivery because of prior cesarean section. Mits et al. showed that dysfunctional fibroblasts, which are metabolically effective in healthy tissues in the absence of striae, were present in individuals with striae [6] . Dysfunctional fibroblasts cannot respond appropriately to mechanical stretching. In addition, the extracellular matrix is not capable of rapid self-regeneration. Mits et al. also indicated that this condition may be genetic in origin. Gungor et al. showed that striae gravidarum is a genetic condition but reported no association with collagen gene polymorphisms [16] . The biology of adhesion formation within the peritoneal cavity is not clearly understood. In the literature, adhesion tissue is described as a consequence of peritoneal injury, ischemia, increased vascular permeability, and exudation of inflammatory cells, with subsequent production of a fibrin matrix. Although the fibrin matrix is an approximation of an injured peritoneal surface, the matrix is subsequently replaced by fibroblasts, macrophages and giant cells. Fibrin bands are removed fibrinolytically and healthy tissue develops. Any condition that disrupts fibrinolytic activity results in adhesion formation. Adhesion tissue is formed by macrophages, eosinophils, erythrocytes, tissue debris, mast cells, and fibroblasts [17] .
In a recent study that included a small number of patients (n = 55), Gungor et al. reported more adhesion formation in pregnant women with more pronounced striae gravidarum [9] . However, in our study of 247 pregnant women, both adhesion formation and the intensity of adhesions were reduced in the presence of abdominal striae. It has been demonstrated histopathologically that adhesion tissue contains collagen fibrils produced by fibroblasts that are located in the extracellular matrix. It is also known that defective fibroblasts play a role in striae formation and produce less collagen [6] . Although there is no general consensus on an association between striae and adhesion formation, we suggest that the reduced adhesion formation seen in pregnant women with striae gravidarum is due to impaired fibroblast activity that plays roles in both striae production and adhesion formation. These defective fibroblasts deposit less collagen in adhesion tissue during formation of the extracellular matrix. Therefore, fibrinolytic activity is less effective in such patients and adhesion formation occurs.
In the present study, although adhesion scores significantly decreased when the striae scores were higher (p < 0.001), the sensitivity and specificity were only moderate (sensitivity, 55 %; specificity, 67 %; positive predictive value, 69 %; negative predictive value, 52 %). We suggest that the preoperative evaluation of abdominal striae gravidarum can provide surgeons with information on the abdominal adhesion status in the preoperative period. As expected and previously showed by others [1, 3] , our study found a statistically significant association between abdominal adhesions and the number of previous cesarean sections. Kapadia et al. reported on the effect of connective tissue collagen on skin elasticity [18] . They found that perineal lacerations were more common during vaginal delivery in patients with striae gravidarum secondary to defective collagen synthesis. One strength of the present prospective cross-sectional study, which evaluated the association between abdominal striae gravidarum and intraabdominal adhesion status, was the relatively large sample size.
The limitations of the present study were as follows: we analyzed the associations between striae gravidarum and intraabdominal adhesions only in the abdominal area, excluding any striae on the breasts or thighs; the color of the striae was not taken into consideration; and the study population lacked ethnic diversity.
Conclusions for Practice
! During the preoperative period, the addition of our useful, easyto-apply, inexpensive, adjunctive, observational, abdominal scoring method to the obstetrical work-up can provide important clues on the intraabdominal adhesion status of pregnant women scheduled for cesarean delivery because of previous cesarean section. Moreover, in this populationespecially in pregnant women with no abdominal striaesurgical dissection should be meticulous and particular care should be paid during abdominal entry to avoid complications that can lead to maternal morbidity and mortality.
